Two retinal implants have recently received the CE mark and one has obtained FDA approval 3 for the restoration of useful vision in blind patients. Since the spatial resolution of current 4 vision prostheses is not sufficient for most patients to detect faces or perform activities of 5 daily living, more electrodes with less crosstalk are needed to transfer complex images to the 6 retina. In this study, we modelled planar and three-dimensional (3D) implants with a distant 7 ground or a ground grid, to demonstrate greater spatial resolution with 3D structures. Using 8 such flexible 3D implant prototypes, we showed that the degenerated retina could mould itself 9 to the inside of the wells, thereby isolating bipolar neurons for specific, independent 10 stimulation. To investigate the in vivo biocompatibility of diamond as an electrode or an 11 isolating material, we developed a procedure for depositing diamond onto flexible 3D retinal 12 implants. Taking polyimide 3D implants as a reference, we compared the number of neurones 13 integrating the 3D diamond structures and their ratio to the numbers of all cells, including 14 glial cells. Bipolar neurones were increased whereas there was no increase even a decrease in 15 the total cell number. SEM examinations of implants confirmed the stability of the diamond 16 after its implantation in vivo. This study further demonstrates the potential of 3D designs for 17 increasing the resolution of retinal implants and validates the safety of diamond materials for 18 retinal implants and neuroprostheses in general. 19 20
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has been shown, in clinical trials, to be safe, to enable most blind patients to identify contrasted 6 objects, to follow a line or the ground, and, in some cases, to read short words [1] [2] [3] [4] between the sclera and the choroid [8, 9] . For patients with retinal ganglion cell degeneration in retinal 12 diseases such as glaucoma or diabetic retinopathy, Brindley and his coworkers have pioneered vision 13 prostheses for a direct activation of the visual cortex [10] . These cortical implants have also allowed 14 patients to recover partial vision, but this visual recovery appears to be transient [11] . Finally,
15
psychophysical experiments have indicated that complex visual tasks, such as text reading, orientation 16 in unknown environment or face recognition, would require at least 600 independent pixels [12] [13] [14] .
17
The major challenge in visual rehabilitation with neuroprostheses is therefore to increase electrode [17] . If the combination of the hexapolar and monopolar stimulations can improve the 27 M A N U S C R I P T
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4 containment of the activated sites, it increases the threshold level of activation due to the shunting of 1 currents to local return electrodes [17] . In addition, the quasimonopolar stimulations requires complex 
28
M A N U S C R I P T array with a distant counter electrode, and (iv) a 3D electrode array with a distant counter electrode.
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7
The3D wells were shaped as inverted pyramids with their points cut off at 30 µm height (well depth).
8
The well opening edge was 72 µm and the well bottom edge was 36 µm. The stimulation electrode 9 was set to be the entire bottom surface, i.e. square with 36 µm edge. The electrode dimensions and 10 shape for the planar electrode were the same as in the 3D array. The inter-electrode distance was 100 11 µm. The electrical conductivity of the tissue was 0.25 S/m, as in a previous study [20] .
12
For simulation purposes, an image of Abraham Lincoln was cropped and sampled to obtain a 13 square 25x25 image, the colour palette of which was then reduced from 256 to three levels: white, 14 grey, and black ( Figure 1 A- implants were generated with the same procedure without any previous diamond growth.
18
The implants were imaged with a ZEISS Supra-40 field emission scanning electron microscope [20] .
15
However, these models were not used to examine the distribution of current in a 3D structure with a 16 distant ground. They were also not used to investigate the distribution of current on an electrode array 17 for image representation. Instead, we examined how a face would be encoded on such electrode 18 arrays. The face of Abraham Lincoln was encoded with a palette of three grey-scale levels ( Fig. 1 A- 
19
B), converted into three current intensities. Finite-element modelling was used to simulate the current 20 density distribution in the retinal tissue above the electrode arrays. Figure 1 illustrates the current 21 densities 40 µm above the cathode for the four configurations considered: i) planar electrode array 22 with a returning ground grid (Fig. 1 C) , ii) 3D electrode array with a returning ground grid (D), iii) 23 planar electrode array with a distant ground (E), iv) 3D electrode array with a distant ground (F).
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When calculated on a line running 20 µm above the stimulating cathodes ( Fig. 2A-D) , the current M A N U S C R I P T
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densities presented square curves above active electrodes within the 3D structures, with or without a 1 ground grid, whereas they yielded peaks above active electrodes on the flat arrays. The introduction of 2 a ground grid (Fig. 2C, D) suppressed the relatively high current measured above inactive electrodes 3 in conditions with a distant ground ( Fig. 2A, B) , with this baseline current level increasing towards the 4 ground. Quantification of the current densities at a 20µm distance from all electrodes confirmed this 5 large baseline current in configurations with a distant ground (Fig. 2I) . As a consequence,, the 6 differences of current densities between positions above active and inactive electrodes are greater in 7 arrays with a ground grid than those generated by the corresponding array with a distant ground. The (Fig. 2F,H) , which are less distinguishable with planar arrays (Fig. 2E, G) . However,
16
the quantification of current densities indicated similar differences between gray levels except for the 17 planar array with a ground grid. Again, the planar array with a distant ground exhibits a greater 18 variability in each group limiting thereby the distinctions between grey levels (Fig. 2J) . The effect of 19 placing the distant counter electrode eccentrically above the lower right corner of the Lincoln image 20 (rather than above its centre) can be seen on the plots with distant ground configurations (Fig. 2 A- that cannot be applied to biocompatible soft substrates. We therefore developed a new solution based 8 on a peel-off process, in which the soft polyimide polymer was deposited on top of a 3D patterned 9 diamond layer. We first generated the 3D structures by preparing silicon moulds by KOH wet etching,
10
to generate truncated pyramids. These pyramids were obtained by adding a structure to compensate for 
